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(54) ANTIFOULING MEMBER AND ANTIFOULING COATING COMPOSITION 



(57) Disclosed is a member having an antifouling 
surface on which the so-called "stains," such as depos- 
its and contaminants, are less likely to be deposited. 
The surface of the member has both a hydrophobic por- 
tion, and a hydrophilic portion induced by a photocata- 
lyst, the hydrophobic portion and the hydrophilic portion 
being present in a microscopically dispersed and 
exposed state on the surface. More specifically, accord- 
ing to a first aspect of the present invention, there is pro- 
vided a member comprising: a substrate; and a surface 
layer provided on the substrate, the surface layer com- 
prising a photccatalytic oxide, a silicone resin or silica, 
and a water-repellent fiuororesin. the silicone or silica 
and the water-repellent fluororesin being present in a 
microscopically dispersed and exposed state on tie 
outermost surface of the surface layer. According to a 
second aspect of the present invention, there is pro- 
vided a member comprising: a substrate; and a surface 
layer provided on the substrate, the surface layer com- 
prising a hydrophobic resin and a photocatalytic oxide, 
the hydrophobic resin and the photccatalytic oxide 
being present in a microscopically dispersed and 
exposed state on "'he outermost surface of toe surface 



layer, the photocatalytic oxide being self-hydrophilified 
or functioning to hydrophilify the photocatalytic oxide 
still remaining unhydrophilified present around the pho- 
tocatalytic oxide by photocatalytic action created in 
response *o photoexcitation. In this surface where the 
hydrophobic portion and the hydrophilic portion are 
present adjacent to each other, a hydrophilic deposit 
having affinity for the hydrophilic portion does not have 
affinity for the adjacent water-repellent portion. On the 
other hand, a hydrophobic deposit having affinity for the 
hydrophobic portion does not have affinity for the adja- 
cent hydrophilic portion. Therefore, both the hydrophilic 
deposit and the hydrophobic deposit cannot be depos- 
ited on the surface of the member, and, even when 
deposited on the suriace of the member, are unstable 
and hence are easily removed, permitting the surface of 
•tie member to be kept clean. 
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Description 

[BACKGROUND OF THE INVENTION] 
Field of the Invention 

[0001 ] The present invention relates to a member hav- 
ing a surface on which a material is less likely to be 
deposited, more specifically a member having an anti- 
fouling surface on which the so-called "stains," such as 
deposits and contaminants, are less likely to be depos- 
ited, and a composition for the production of a member 
having such a surface. The present invention also 
relates to a method for imparting, to the surface of a 
desired member, such a property that a material is less 
likely to be deposited thereon, more specifically a 
method for imparting such a property that stains, such 
as deposits and contaminants, are less likely to be 
deposited. 

Background Ar t 

[0002] In the field of buildings and coatings, the pollu- 
tion of the environment has posed a problem of contam- 
ination of exterior materials for buildings, outdoor 
buildings, and coatings provided thereon. 
[0003] Dust and particles floating in the air deposit on 
the roof and the outer wall of buildings in fine weather. 
Upon exposure to rainfall, the deposits flow together 
with rainwater and flow down along the outer wall of the 
building. Further, in rainy weather, dust and particles 
floating in the air are carried by rain and flow down on 
the outer wall of the building and the surface of the out- 
door building. As a result, the contaminant adheres on 
the surface along the course of the rainwater. As the 
surface dries, soil appears in a stripe pattern on the sur- 
face. 

[0004] Combustion products, such as carbon black, 
municipal dust, and contaminants of inorganic materi- 
als, such as clay particles, constitute the soil on the 
coating of the exterior material for the building. Such a 
wide variety of contaminants are considered to render 
measures for antifouling complicate (Yoshinori Kitsu- 
taka, "Gaiheki Shiage Zairyou No Osen No Sokushin 
Shiken Houhou (Accelerated Testing Method for Con- 
tamination of Finish Materials of Outer Wall)." Journal of 
Structural and Construction Engineering (Transactions 
of AU), No. 404, October 1989. pp. 15-24). 
[0005] The use of a water-repellent paint, such as pol- 
ytetrafluoroethylene (PTFE), has hitherto been consid- 
ered preferable for preventing the exterior of the building 
and the like from being soiled. !n recent years, however, 
that the surface of the coating is made hydrophilic as 
much as possible has become recognized as more 
effective for municipal dust containing a large amount of 
a hydrophobic component (Kobunshi, Vol. 44, May 
1995. p. 307). Accordingly, coating of buildings with a 
hydrophilic graft polymer has been proposed in a news- 



paper ("Japan Chemical Week". January 30 1995). 
According to this report, the coating has a hydrcphilicity 
of 30 to 40° in terms of contact angle thereof with 'water. 
[0006] Inorganic dust typified by clay minerals has a 

5 contact angle thereof with water of 20° to 50° and, 
hence, has affinity for the graft polymer having a contact 
angle thereof with water of 30° to 40° and is likely to 
adhere on the surface of the graft polymer. Therefore, it 
is considered that the coating of the graft polymer can- 

w not satisfactorily prevent soiling with inorganic dust. 
[0007] Although there are proposals wherein the sur- 
face of a member is rendered water-repellent or 
hydrophilic to keep the surface clean, such as those 
described above, there is still room for improvement in 

15 the surface cleaning activity. 

[SUMMARY OF THE INVENTION] 

[0008] The present inventors have now found that a 

20 surface having both a hydrophobic portion, and a 
hydrophilic portion induced by a photocatalyst has a 
very good antifouling property. The present invention 
has been made based on such finding. 
[0009] Accordingly, an object of the present invention 

25 is to provide a member having a surface on which a 
material is less likely to be deposited. 
[0010] Another object of the present invention is to 
provide a member having an antifouling surface on 
which the so-called "stains," such as deposits and con- 

20 taminants, are less likely to be deposited. 

[001 1 ] The member according to the present invention 
has both a hydrophobic portion, and a hydrophilic por- 
tion induced by a photocatalyst, the hydrophobic portion 
and the hydrophilic portion being present in a micro- 

35 scopically dispersed and exposed state on the surface 
of the member. 

[001 2] According to a first aspect of the present inven- 
tion, there is provided a member comprising: a sub- 
strate; and a surface layer provided on the substrate, 

■to the surface layer comprising a photocatalytic oxide, a 
silicone resin or silica, and a water-repellent fluorcresin, 
the silicone or silica and the water-repellent fluororesin 
being present in a microscopically dispersed and 
exposed state on the outermost surface of the surface 

J5 layer. 

[001 3] According to a second aspect of the present 
invention, there is provided a member comprising: a 
substrate: and a surface layer provided on the sub- 
strate, the surface layer comprising a hydrophobic resin 
50 and a photocatalytic oxide, 

the hydrophobic resin and the photocatalytic oxide 
being present in a microscopically dispersed and 
axpcsed state on the outermost surface of the 
55 member, the photocatalytic oxide being self- 
hydrophiiified or functioning to hydrophilify the pho- 
locatatytic oxide still remaining unhydrophilified 
present around 'he photocatalytic oxide by photo- 
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catalytic action created in response to photoexcita- 
tion. 

[0014] In both the aspects of the present invention, the 
hydrophobic portion derived from the hydrophobic resin 5 
and the hydrophilic portion induced by the photocatalyst 
are present in a microscopically dispersed state on the 
outermost surface of the member. As a result of the 
hydrophobic portion and the hydrophilic portion adja- 
cent to each other, a hydrophilic deposit having affinity w 
for the hydrophilic portion does not have affinity for the 
adjacent water-repellent portion. On the other hand, a 
hydrophobic deposit having affinity for the hydrophobic 
portion does not have affinity for the adjacent 
hydrophilic portion. Therefore, it is considered that both is 
the hydrophilic deposit and the hydrophobic deposit 
cannot deposit on the surface of the member, and, even 
when deposited on the surface of the member, are 
unstable and hence are easily removed, permitting the 
surface of the member to be kept clean. In this connec- 20 
tion, however, it should be noted that the above descrip- 
tion is hypothetical and the present invention is not 
limited to the above mechanism alone. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 25 

[0015] 

Fig. 1 is a diagram showing the structure of a mem- 
ber according to a first aspect of the present inven- 30 
tion. A member 1 according to the present invention 
comprises a substrate 2 and a surface layer 3 pro- 
vided on the substrate 2. The surface layer 3 com- 
prises: a silicone or silica layer 4; and a water- 
repellent fluororesin 5 and a photocatalytic oxide 6 35 
dispersed in the silicone or silica layer 4. A part of 
the water-repellent fluororesin 5 is exposed on the 
outermost surface of the silicone or silica layer 4. 
Fig. 2 is a diagram illustrating how to install a test 
sample in Example 3. In the drawing, the member 1 *o 
according to the present invention is installed on 
the wall surface of a house 1 1 so as to be exposed 
to sunlight from the sun 1 0. 
fig. 3 is a diagram showing the structure of a mem- 
ber according to the second aspect of the present 45 
invention. A member 21 according to the present 
invention comprises a surface layer 23 provided on 
a substrate 22. The surface layer 23 comprises a 
hydrophobic resin layer 24 and a photocatalytic 
oxide 25 dispersed in the layer 24, the photocata- so 
lytic oxide 25 being present in an exposed state on 
the outermost surface of the layer 24. 
Fig. 4 is a diagram of a member having the same 
construction as the member according to the 
aspect shown in Fig. 3, except that the surface layer 55 
23 further comprises an inorganic oxide 26. 
Fig. 5 is a diagram showing a second embodiment 
of the second aspect of the present invention. A 



member 21 according to the present invention com- 
prises a layer 24, formed of a photocatalytic oxide, 
and a layer 23, formed of a hydrophobic resin, pro- 
vided on the layer 24. In this case, the layer 28 
formed of a hydrophobic resin is laminated onto a 
part of the layer 24. As a result, the hydrophobic 
resin and the photocatalytic oxide are present in a 
microscopically dispersed and exposed state on 
the outermost surface of the surface layer 23. 
Fig. 6 is a diagram of a member having the same 
construction as the member according to the 
embodiment shown in Fig. 5, except that the layer 
24 comprising a photocatalytic oxide further com- 
prises an inorganic oxide 29. 

[DETAILED DESCRIPTION OF THE INVENTION] 

Definition 

[0016] in the present invention, the terms "antifouling 
property" and "antifouling activity" are used to mean any 
of such properties that a certain surface is inert to dep- 
osition of a material thereon, that is, a property that var- 
ious materials are less likely to be deposited on a 
certain surface, and a property that materials, even 
when once deposited on a certain surface, can be easily 
removed. 

[0017] Further, in the present invention, the presence 
of the hydrophobic portion and the hydrophilic portion in 
a "microscopically dispersed state" on the surface 
means that the hydrophobic portion and the hydrophilic 
portion are homogeneously present per unit area of not 
more than about 0. 1 mm 2 . 

[001 8] Further, in the present invention, the term "pho- 
tocatalyst" used herein refers to a material which, when 
exposed to light (excitation light) having higher energy 
(i.e., shorter wavelength) than the energy gap between 
the conduction band and the valence band of the crys- 
tal, can cause excitation (photoexcitation) of electrons in 
the valence band to produce a conduction electron and 
a hole. Photocatalytic oxides usable herein include 
oxides, for example, anatase form of titanium oxide, 
rutile form of titanium oxide, zinc oxide, tin oxide, ferric 
oxide, dibismuth trioxide, tungsten trioxide, and stron- 
tium titanate. 

Antifouling member according to first aspect of invention 

[001 9] The member according to the first aspect of the 
present invention comprises a substrate and a surface 
layer provided on the substrate, the surface layer com- 
prising a photocatalytic oxide, a silicone resin or silica, 
and a water-repellent fluororesin. The silicone or silica 
and the water-repellent fluororesin are present in a 
microscopically dispersed and exposed state on the 
outermost surface of the surface layer. 
[0020] In this aspect of the invention, the presence of 
the water-repellent fluororesin in an exposed state on 
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the outermost surface results in the formation of a 
hydrophobic portion on the outermost surface of the 
member. 

[0021 ] On the other hand, silicone or silica is exposed 
on the outermost surface. According to the present 
invention, upon exposure of the surface of the member 
to light, the hydrophilic nature is further imparted to the 
silicone or silica by the action of the photocatalytic oxide 
present in the surface layer, and this hydrophilic nature 
persists so far as light irradiation is continued. Further, 
even though the light irradiation is once stopped, the 
hydrophilic nature is again imparted upon resumption of 
the light irradiation. The mechanism of hydrophilification 
has not been elucidated yet. However, it is considered 
that, for example, in the case of the silicone, an organic 
group bonded to a silicon atom in the silicone molecule 
is at least partially replaced by a hydroxyl group to 
exhibit hydrophilicity. This hydrophilification results in 
the formation of a hydrophilic portion on the outermost 
surface of the member according to the present inven- 
tion. 

[0022] As described above, as a result of the pres- 
ence of both the hydrophobic portion and the 
hydrophilic portion induced by the photocatalyst on the 
outermost surface of the member, both hydrophilic 
deposits and hydrophobic deposits cannot be deposited 
on the surface of the member, and, even when depos- 
ited on the surface of the member, are unstable and 
hence are easily removed, permitting the surface of the 
member to be kept clean. 

[0023] A preferred embodiment of the first aspect of 
the present invention is shown in Fig. 1. In Fig. 1, a 
member 1 comprises a substrate 2 and a surface layer 
3 provided on the substrate 2. The surface layer 3 com- 
prises: a silicone or silica layer 4; and a water-repellent 
fluororesin 5 and a photocatalytic oxide 5 dispersed in 
this layer 4. A part of the water-repellent fluororesin 5 is 
exposed on the outermost surface of the silicone or sil- 
ica layer 4. In the embodiment shown in Fig. 1, the sili- 
cone or silica is provided as having a layer structure, 
while the water-repellent fluororesin and the photocata- 
lytic oxide are provided as a particle. 
[0024] In this embodiment, the photocatalytic oxide 
may be used as described above. When the photocaia- 
iytic oxide is anatase rorm of titanium oxide, rutile ;orm 
of titanium oxide, zinc oxide, or strontium iitanate, light 
from sunlight, a room lamp, a fluorescent lamp, a mer- 
cury lamp, an incandescent lamp, a xenon lamp, a high 
pressure sodium lamp, a metal halide lamp, a BLB lamp 
and the like is preferred. On the other hand, when the 
photocatalytic oxide is tin oxide, light from a bactericidal 
lamp, a 3L3 lamp and the like is preferred. The irradia- 
tion intensity of light applied may be suitably determined 
by taking into consideration the composition of the 
member, applications of the member and the iike. in 
order to highly hydrophilify *he hydrophilic portion of the 
surface of the member and maintain the highly 
nydrcphiiined state, the irradiation intensity of the exci- 



tation light is preferably not less than 0.001 mW/cm 2 . 
more preferably not less than 0.01 mW/cm 2 , most pref- 
erably not less than 0.1 mW/cm 2 
[0025] In the present embodiment, the silicone resin is 
s represented by the following average composition for- 
mula (I) 

to wherein 

R represents a group selected from the group con- 
sisting of a hydrogen atom and one or more organic- 
groups; 

is X represents an alkoxy group or a halogen atom; 
and 

p is a number satisfying 0 < p < 2. 

[002S] In this case, the organic group represented by 
20 R is an alkyl (more preferably an unsubstituted alky! 
having 1 to 18 carbon atoms, most preferably an alkyl 
having 3 to 13 carbon atoms) or an aryl (preferably phe- 
nyl). 

[0027] Specific examples of preferred silicone resins 

25 include hydrolyzates and hydration polycondensates of 
methyltrimethoxysilane. methyltriethoxysilane, methyl- 
trichlorosilane, methyltribromosilane, methyltriisopro- 
poxysilane, methyl-tri-t-butoxysiiane, ethyltrimeth- 
oxysilane, ethyltriethoxysilane, ethyltrichlorosilane, 

30 ethyltribromosilane. ethyltriisopropoxysilane, ethyl-tri-t- 
butoxysilane. n-propyltrimethoxysilane. n-propyltri- 
ethoxysilane, n-propyltrichlorosilane, n-propyltribromo- 
silane, n-propyltriisoprcpoxysilane, n-propyl-tri-t- 
butoxysilane, n-hexyltrimethoxysilane, n-hexyltriethox- 

35 ysilane, n-hexytrichlorosilane, n-hexyltribromcsilane, n- 
hexyltriiscprcpoxysilane, n-hexyl-tri-t-butoxysilane. n- 
decyltrimethoxysilane, n-decyltriethoxysilane, n-decyl- 
trichlorosilane, n-decyltribromosilane, n-decyltriiscpro- 
poxysilane, n-decyl-tri-t-butoxysilane, n-octatrimeth- 

40 oxysilane. n-octatriethoxysilane. n-octatrich!orositane, 
n-octatribromosilane, n-octatriisopropoxysilane, n-octa- 
tri-t-butoxysilane, phenyltrimethoxysiiane, phenyltri- 
eth oxysilane, phenyltrichlorosilane, phenyltribromosi- 
lane, phenyltriiscprcpcxysilane, phenyl-t-butoxysilane, 

J5 dimethytdichlorcsilane, dimethyldibromosilane, dimeth- 
yldimethoxysilane, dimethyldiethoxysilane, diphenyl- 
dichlcrosilane, diphenyldibromosilane, diphenyldimeth- 
oxysilane, diphenyidiethoxysilane, phenylmethyldichlo- 
rosilane. phenylmethyldibromosilane, phenylmethyld- 

so imethoxysilane, phenylmethyldiethoxysilane. vinyl- 
trichlorosilane. vinyltribromosilane, vinyltrimethoxysi- 
iane, vinyltriethoxysilane. vinyltriisopropoxysilane, vinyl- 
tri-t-butoxysilane, crifluoropropyltrichlorosilane. trifluoro- 
propyltribromosilane, trifluoropropyltrimethoxysilane, tri- 

55 Huoropropyltriethoxysilane, 

trifluoropropyltriisopropoxysilane. trifluoropropyl-tri-t- 
butox ysilane. y-giyc idoxypr opy I methyldimeth oxysilane. 
-glycidoxyprcpylmethyldiethoxysilane. 7-glycidoxypro- 
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pyltrimethoxysilane, y-glycidoxypropyltriethoxysilane, y- 
glycidoxyprcpyltriisopropoxysilane, y-glycidoxypropyl- 
tri-t-butoxysilane, y-methacryloxypropylmethyldimeth- 
oxysilane, y-methacryloxypropylmethyldiethoxysilane, y- 
methacryloxyprcpyltrimethoxysilane, y-methacryloxy- 5 
prcpyltriethoxysilane, y-methacryloxypropyltriisopro- 
poxysilane, y-methacryloxypropyi-tri-t-butoxysilane, y- 
aminopropylmethyldimethoxysilane, y-aminopropyl* 
methyldiethoxysilane. y-aminopropyitrimethoxysilane. y- 
aminoprcpyltriethoxysiiane, y-aminopropyltriisopropox- w 
ysifane, y-aminoprcpyl-tri-t-butoxysilane, y-mercapto- 
propylmethyldimethoxysilane, y-mercaptopropylmethyl- 
diethoxysilane, y-mercaptopropyltrimethoxysilane. y- 
mercaptopropyltriethoxysilane, y-mercaptcpropyltriiso- 
propoxystlane, y-mercaptopropyl-tri-t-butoxysilane, (i- ts 
(3,4-epoxycyc!ohexyl)ethyltrimethoxysilane, and p-(3,4- 
epoxycyclohexyl)ethyltriethoxysilane. 
[0028] In the present embodiment, silica is preferably 
amorphous silica. 

[0029] Further, in the present embodiment, preferred 20 
hydrophobic fluororesins usable herein include, for 
example, polymers containing a fluoro group, such as 
polytetrafluoroethylene, polyvinylidene fluoride, polyvi- 
nyl fluoride, polychlorotrifluoroethylene. tetraf luoro ethyl - 
ene/hexafluoropropylene copolymer, ethylene/tetra- 25 
fluoroethylene copolymer, ethylene/chlorotrifluoroethyl- 
ene copolymer, tetrafluoroethylene/perfluoroalkyl vinyl 
ether copolymer, perfluorccyclo polymer, vinyl 
ether/fluoroolefin copolymer, vinyl ester/fluoroolefin 
copolymer, tetrafluoroethylene/vinyl ether copolymer, 30 
chlorotrifluoroethylene/vinyl ether copolymer, urethane- 
crosslinked tetrafluoroethylene, epoxy-crossl inked 
tetrafluoroethylene, acryl-crosslinked tetrafluoroethyl- 
ene, and melamine-crosslinked tetrafluoroethylene. In 
the present invention, the hydrophcbicity of the hydro- 35 
phobic fluororesin may be suitably determined so that 
the effect of the present invention can be attained. For 
example, the hydrophobicity is preferably not less than 
80° , more preferably 120° , in terms of the contact 
angle of the fluororesin with water. Among the f luorores- 40 
ins, tetrafluoroethylene is preferred from the viewpoint 
of high water repellency and persistence of the high 
water repellency. 

[0030] Substrates used in the present invention is not . 
particularly limited, and preferred examples thereof ^5 
include metals, ceramics, glasses, plastics, woods, 
stones, cements, concretes, fibers, woven fabrics, and 
combinations of the above materials and laminates of 
the above materials. The substrate may be determined 
by taking into consideration applications of the member. 50 
[0031] The content of the hydrophobic fluororesin in 
the surface layer according to the present embodiment 
may be suitably determined by taking into consideration 
the composition of the surface layer, applications of the 
member and the like. However, the content of the hydro- 55 
phobic fluororesin in the surface iayer is preferably 
about 20 to 60% by weight, more preferably about 25 to 
50% by weight. 



[0032] The content of the photocatalytic oxide in the 
surface layer is also not particularly limited. For exam- 
ple, the content of the photocatalytic oxide in the surface 
layer is preferably about 10 to 30% by weight, more 
preferably about 20 to 50% by weight. 
[0033] According to a preferred embodiment of the 
present invention, the thickness of the surface layer may 
be suitably determined by taking into consideration the 
composition of the surface layer, applications of the 
member and the like. For example, when a transparent 
surface layer is contemplated, the thickness is prefera- 
bly not more than about 0.4 ^m. This can prevent haze 
development derived from irregular reflection of light, 
rendering the surface layer substantially transparent. 
The thickness of the surface layer is more preferably not 
more than about 0.2 urn from the viewpoint of effectively 
preventing the color development of the surface layer 
derived from the interference of light. The smaller the 
thickness of the surface layer, the better the transpar- 
ency of the surface layer. However, it is apparent that a 
given thickness is preferred from the viewpoint of abra- 
sion resistance. 

[0034] Further, like the embodiment shown in Fig. 1, 
when the water-repellent fluororesin and the photocata- 
lytic oxide are utilized as a particle, the particle diameter 
thereof may be suitably determined. For the water- 
repellent fluororesin, the primary diameter is preferably 
about 10 nm to 10 urn, more preferably about 100 nm to 
1 jim. For the photocatalytic oxide, the crystallite diam- 
eter is preferably about 1 to 100 nm, more preferably 
about 5 to 20 nm. 

[0035] Not only smoke and soot floating in the air but 
also water droplets, snow, and, in addition, biopolymers, 
such as protein, organism, and microorganisms are less 
likely to be deposited on the member according to the 
first aspect of the present invention. Therefore, the 
member according to the present invention can be used 
in the following applications. Specifically, examples of 
applications include building materials, exterior of bui- 
dlings, interior of buildings, sashes, windowpanes. 
structural members, plates, exterior and coating of vehi- 
cles, exterior of machineries and articfes, dustproof cov- 
ers and coatings, reflector plates for traffic signs, 
various display devices, advertising towers or poster 
columns, noise barriers for roads, noise barriers for rail 
roads, decorative plates for roads, light source covers 
for signals, display panels for outdoors, bridges, exterior 
and coating of guard rails, interior and coating of tun- 
nels, lighting apparatuses for interior of tunnels, insula- 
tors, covers for solar cells, covers for solar energy 
collectors of solar water heaters, vinyl plastic hot- 
houses, covers for lighting of vehicles, mirrors for roads, 
mirrors for vehicles, instrument covers and instrument 
panels for two-wheeled vehicles, glass lenses, plastic 
Senses, helmet shields, windowpanes for housings, 
automobiles and railway vehicles, showcases, show- 
case for retention of heat, film structures, fins for heat 
exchangers, glass surfaces for various places, window 
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shades (blinds), tire wheels, roof materials, antennas, 
power lines, households, stools, bath tubs, wash basins, 
lighting equipment, covers for lighting, kitchenwares, 
tablewares, cabinets for tablewares, dishwashers, dish- 
dryers, sinks, cooking ranges, kitchen hoods, ventilation 5 
fans, anti-thrombotenic materia!, anti-protein-deposita- 
ble materials, bottoms of ships, and films for application 
on the above articles. 

[0036] According to a preferred embodiment of the 
present invention, the proportion of the hydrophobic 10 
portion and the hydrophilic portion present on the outer- 
most surface may be suitably determined by taking into 
consideration the applications of the member. 
[0037] Specifically, the member, wherein a hydropho- 
bic portion derived from the water-repellent fluororesin 15 
and a hydrophilic portion derived from the silicone or sil- 
ica each are present in at least one place per 10 to 100 
nm 2 on the outermost surface of the surface layer, has 
such a property that biopolymers are less likely to be 
deposited thereon. Therefore, this member can be 20 
applied to anti-thrombotenic materials, anti-protein- 
depositable materials, anti-lipid-adhesicn materials and 
the like. More specifically, the member may be used as 
contact lenses and disposable medical instruments, 
such as urinary catheters, percutaneous devices, vari- 25 
ous artificial organs, blood bags, urine-collecting bags, 
lung drainages, and tubes for connection between the 
above members. 

[0038] On the other hand, the member, wherein a 
hydrophobic portion derived from the water-repellent 30 
fluororesin and a hydrophilic portion derived from the 
silicone or silica each are present in at least one place 
per 10 nm 2 to 1 um 2 on the outermost surface of the 
surface layer, has such a property that organisms are 
less likely to be deposited thereon. Therefore, this mem- 35 
ber may be used as materials for the bottom of ships, 
outer wall materials, bathroom materials, bathtub mate- 
rials, materials for water tanks for the appreciation, and 
surface materials (for example, design tiles) for equip- 
ment utilizing circulating water (for example, artificial 40 
waterfalls in parks) in its area which comes into contact 
with the circulating water. 

[0039] Further, the member, wherein a hydrophobic 
portion derived from the water-repellent fluororesin and 
a hydrophilic portion derived from the silicone or silica 45 
each are present in at least one place per 0.1 mm 2 on 
the outermost surface of the surface layer, has such a 
property that a stain derived from suspended smoke 
and soot in the air is less likely to be deposited thereon, 
or the stain, even when once deposited thereon, can be so 
easily removed. Therefore, this member may be used 
as building materials for outdoors, covers for solar bat- 
teries, covers for heat collectors for solar water heaters, 
handrails, internal walls for tunnels, sound insulating 
walls, sound barriers, guard fences, road structures, 55 
such as decorative plates for roads, window shades 
(blinds), insulators, wheels, and bodies for vehicles, 
such as automobiles. 



[0040] In the member according to the first aspect of 
the present invention, the contact angle of the surface 
layer with water is not basically limited so far as the 
member has an antifouling activity. In general, however, 
the apparent contact angle of the member with water is 
about 10 to 120°. 

[0041] Photocatalytic oxides are known to have anti- 
fouling, antimicrobial, and deodorant activities based on 
the oxidative degradation action. It is believed that, also 
in the member according to the present invention, this 
action maintained. It is believed that the oxidative degra- 
dation action of the photocatalyst is more preferably 
exhibited in the case where the hydrophobic portion 
derived from the water-repellent fluororesin and the 
hydrophilic portion derived from the silicone or silica 
each are present in at least one place per 0.1 mm 2 on 
the outermost surface of the surface layer. 
[0042] Further, the member according to the present 
invention can effectively prevent the growth of water 
droplets deposited thereon, and water droplets depos- 
ited on the member are rolled over the surface by the 
action of slight force and easily removed from the sur- 
face. Further, ice and snow are not easily deposited on 
the surface of the member according to the present 
invention. That is, the member according to the present 
invention has inhibitory activity against the growth of 
water droplets, deposition of water droplets, and depo- 
sition of ice and snow. 

[0043] Because the member of the present invention 
has inhibitory activity against the growth of water drop- 
lets, application of the member to glasses, mirrors and 
the like can effectively prevent the growth of water drop- 
lets to such an extent that water droplets scatter light. 
Specifically, the member can be applied for preventing 
fogging or ensuring the visibility of glasses, mirrors, 
lenses, prisms and the like. More specifically, the mem- 
ber can be used as windowpanes for buildings, window- 
panes for vehicles, windshields for vehicles, mirrors for 
vehicles, road mirrors, lavatory mirrors, covers for 
instrument boards, lenses for spectacles, helmet 
shields, goggles, and showcases for retention of heat. It 
is believed that the above action is more preferably 
exhibited in the case where the hydrophobic portion 
derived from the water-repellent fluororesin and the 
hydrophilic portion derived from the silicone or silica 
each are present in at least one place per 0.2 um 2 on 
the outermost surface of the surface layer. 
[0044] Further, since the member according to the 
present invention has inhibitory activity against the dep- 
osition of water droplets and against the deposition of 
ice and snow, the member according to the present 
invention can be applied in applications, such as the 
prevention of a lowering in efficiency of a heat 
exchanger due to the deposition of water droplets 
between fins in an aluminum fin of the heat exchanger, 
the prevention of a lowering in the insulating property of 
a bath surface due to the deposition of water (salt) onto 
the surface of an insulator, the prevention of a deteriora- 
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tion in design due to the deposition of water droplets 
onto an apron portion of a bathtub, the prevention of 
accumulation of ice and snow on a roof, the prevention 
of the formation of an icicle, the prevention of accumula- 
tion of ice and snow on an antenna, the prevention of 
communication troubles, the prevention of accumulation 
of ice and snow on a power line, and the prevention of 
conical discharge. More specifically, the member can be 
used as fins for heat exchangers, insulators, bathtubs, 
counters for lavatories, kitchen counters, rocf materials, 
roof gutters, antennas, and power lines. According to a 
preferred embodiment of the present invention, it is 
believed that the inhibitory activity against the deposi- 
tion of water droplets and the inhibitory activity against 
the deposition of ice and snow are more preferably 
exhibited in the case where the hydrophobic portion 
derived from the water-repellent fluororesin and the 
hydrophtlic portion derived from the silicone or silica 
each are present in at least one place per mm 2 on the 
outermost surface of the surface layer. 
[0045] Further, according to a preferred embodiment 
of the present invention, a metal, such as silver, copper, 
or zinc, is added to the surface layer. The surface layer 
with the above metal added thereto can kill bacteria and 
mold deposited on the surface thereof even in a dark 
place and hence can further improve the antifouling 
property. 

[0046] According to another preferred embodiment of 
the present invention, a platinum group metal, such as 
platinum, palladium, ruthenium, rhodium, iridium, or 
osmium, may be added to the surface layer. The surface 
layer with the above metal added thereto can enhance 
the redox activity of the photccatalyst and can improve 
the degradability of organic stains and the degradability 
of harmful gases and bad smells. 

Production of antifouling member according to first 
aspect of invention and composition therefor 

[0047] The member according to the first aspect of the 
present invention may be basically produced by coating 
a composition for a surface layer on the surface of a 
substrate and forming the surface layer. 
[0048] According to a preferred embodiment of the 
present invention, the composition for the above pro- 
duction comprises: 

(a) a silicone resin coating precursor capable of 
forming a silicone resin coating or a silica coating 
precursor capable of forming a silica coating; 

(b) a photocataiytic oxide dispersed in the coating 
precursor (a); and 

(c) a water-repellent fluororesin dispersed in the 
coating precursor (a). 

[0049] In this case, preferred examples of silicone 
resin coating precursors include siloxanes represented 
by the average composition formula 



RpSiX q O( 4 . p . q j /2 

wherein 

5 R is as defined above in connection with the for- 
mula (I); 

X represents an alkoxy group or a halogen atom; 
and 

p is a number satisfying 0 < p < 2 and q is a number 
w satisfying 0 < q < 4. 

[0050] Another preferred examples of silicone resin 
coating precursors include hydrolyzable silane deriva- 
tives represented by the general formula 

15 

RpSiX4.p 

wherein R is as defined above in connection with the 
formula (I); 

20 

X represents an alkoxy group or a halogen atom; 
and 

p is 1 or 2. 

25 [0051] Specific examples of preferred hydrolyzable, 
silane derivatives include methyltrimethoxysilane, meth- 
yl triethoxysilane. methyltripropoxysilane, methyltribu- 
toxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, 
ethyltripropoxysilane, ethyltributoxysilane, phenyltri- 

30 methoxysilen, phenyltriethoxysilane, phenyltripropox- 
ysilane, phenyltributoxysilane, dimethyldimeth- 
oxysilane, dimethyldiethoxysilane, dimethyldipropoxysi- 
iane, dimethyldibutoxysilane, diethyldimethoxysilane, 
diethyldiethoxysilane, diethyldipropoxysilane, diethyld- 

35 ibutoxysilane, phenylmethyldimethoxysilane, phenyl- 
methyldiethoxysilane, phenylmethyldibutoxysilane, n- 
propyltrimethoxysilane, n-propyltriethoxysilane, n-pro- 
pyltripropoxysilane, n-propyltributoxysilane, y-glycosi- 
doxypropyltrimethoxysilane, and y-acryloxypropyl- 

40 trimethoxysilane. 

[0052] The siloxane may be prepared by partial 
hydrolysis and dehydration polycondensation of the 
hydrolyzable silane derivative, or by dehydration poly- 
condensation of a partial hydrolyzate of the hydrolyza- 

^5 ble silane derivative with a partial hydrolyzate of 
tetramethoxysilane, tetraethoxysilane, tetrapropoxysi- 
!ane, tetrabutoxysilane, diethoxydimethoxysilane or the 
like. 

[0053] Preferred examples of silica coating precursors 
so include silicates represented by the average composi- 
tion formula 

SiX q O ( 4_q)/ 2 

55 wherein X represents an alkoxy group or a halogen 
atom and q is a number satisfying 0 < q < 4. 
[0054] Another preferred examples of silica coating 
precursors include tetrafunctional hydrolyzable silane 
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derivatives represented by the general formula 
SiX 4 

wherein R is as defined above in connection with the 
formula (I); and 

X represents an aikoxy group or a halogen atom. 

[0055] Specific examples of preferred tetrafunctional 
hydrolyzable silane derivatives include tetramethoxysi- 
lane, tetraethoxysilane. tetrapropoxysilane, tetrabutox- 
ysilane, and diethoxydimethoxysilane. 
[0056] Specific examples of preferred silicates include 
partial hydrolyzates and dehydration polycondensates 
of the above tetrafunctional hydrolyzable silane deriva- 
tives. 

[0057] The composition for the surface layer is prefer- 
ably a solution or dispersion of the above components 
(a), (b), and (c) in a solvent. Preferred solvents include 
water, ethanol. and propanol. 

[0058] The composition for the surface layer may fur- 
ther contain additives. Examples of additives usable 
herein include: catalysts for accelerating the hydrolysis 
of the silicone precursor, for example, hydrochloric acid, 
nitric acid, acetic acid, and maieic acid; catalysts for cur- 
ing the silicone precursor, for example, basic com- 
pounds, such as tributylamine and hexylamine, and 
acidic compounds, such as aluminum triisopropoxide 
and tetraisopropyl titanate; surfactants for improving the 
dispersibiiity of a coating liquid, such as silane coupling 
agents; levelling agents, such as diacetone alcohol and 
cellosolve; and spraying agents, such as dimethyl ether. 
[0059] The member according to the first aspect of the 
present invention using this composition may be pro- 
duced by coating the above composition on a substrate 
and subjecting the coated substrate to such a reaction 
that the silicone resin coating precursor or silica coating 
precursor in the composition is converted to a silicone 
coating or a silica coating. 

[0050] Suitable coating methods usable for coating 
the composition onto the substrate include spray coat- 
ing, dip coating, flow coating, spin coating, roll coating, 
brush coating, and sponge coating. The reaction by 
which the silicone resin coating precursor or the silica 
coating precursor is converted to the silicone coating or 
the silica coating may be suitably determined by taking 
into consideration properties of the precursor utilized. 
For example, the precursor may be polymerized by heat 
treatment, standing at room temperature, ultraviolet irra- 
diation, wetting treatment or the like. The above method 
according to the present invention is advantageous in 
that selection of this reaction realizes the production of 
the member under relatively mild reaction conditions. 
More specifically, the production can be carried out, for 
example, by simply allowing the coated substrate to 
stand at room temperature. Further, also in the case of 
ultraviolet irradiation, the production can be carried out 



substantially at room temperature. 
[0061] Further, according to the present invention, 
provision of the above composition has lead to provision 
of a method for imparting an antifouling property to a 

5 desired surface, the method comprising the steps of: 
coating the above composition onto a surface to which 
an antifouling property is to be imparted; and subjecting 
the coating to such a reaction that the silicone resin 
coating precursor or the silica coating precursor in the 

w composition is converted to a silicone coating or a silica 
coating. 

Antifouling member according to second embodiment of 
present invention 

15 

[0062] The member according to the second aspect of 
the present invention comprises a substrate and a sur- 
face layer provided on the substrate, the surface layer 
comprising a hydrophobic resin and a photocatalytic 
20 oxide. The hydrophobic resin and the photocatalytic 
oxide are present in a microscopically dispersed and 
exposed state on the outermost surface of the surface 
layer. 

[0063] As with the member according to the first 
25 aspect of the present invention, the member according 
to the second aspect of the present invention has, on its 
outermost surface, a hydrophobic portion, and a 
hydrophilic portion induced by a photocatalyst. As a 
result, both hydrophilic deposits and hydrophobic 
30 deposits cannot be deposited on the surface of the 
member, and, even when deposited on the surface of 
the member, are unstable and hence are easily 
removed, permitting the surface of the member to be 
kept clean. Therefore, the member according to the sec- 
35 ond aspect of the present invention also may be basi- 
cally used in the same applications as the member 
according to the first aspect of the present invention. 
[0064] According to a preferred embodiment of the 
present invention, the surface layer of the member of 
w the present invention further comprises an inorganic 
oxide. This inorganic oxide, together with the hydropho- 
bic resin and the photocatalytic oxide, is present in a 
microscopically dispersed and exposed state on the 
outermost surface of the surface layer. Further, the inor- 
J5 ganic oxide is hydrophilified by photocatalytic action 
created in response to photoexcitation of the photocata- 
lytic oxide. This means that the hydrophilic portion 
induced by the photocatalyst is further provided in the 
surface layer by the inorganic oxide. 
so [0065] A first preferred embodiment of the second 
aspect of the present invention is shown in Fig. 3. The 
member 21 shown in this drawing comprises a surface 
layer 23 provided on a substrate 22. The surface layer 
23 comprises a hydrophobic resin layer 24 and a photo- 
ns catalytic oxide 25 dispersed in this layer 24. The photo- 
catalytic oxide 25 is present in an exposed state on the 
outermost surface of the layer 24. In the embodiment 
shown in this drawing, the photocatalytic oxide is pro- 
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vided as a particle. 

[0066] In the embodiment shown in Fig. 3, the surface 
layer 23 may contain an inorganic oxide, and this 
embodiment is shown in Fig. 4. The embodiment shown 
in Fig. 4, a particulate inorganic oxide 26, together with 
the photocatalytic oxide 25, is dispersed in the hydro- 
phobic resin layer 24. The inorganic oxide 26 also is 
present in an exposed state on the cuter most surface of 
the layer 23. 

[0067] A second preferred embodiment of the second 
aspect of the present invention is as shown in Fig. 5. 
The member 21 shown in this drawing comprises a 
layer 24, formed of a photocatalytic oxide, and a layer 
28, formed of a hydrophobic resin, provided on the layer 
24. In this case, the layer 28 formed of a hydrophobic 
resin is laminated onto a part of the layer 24. Conse- 
quently, the hydrophobic resin and the photocatalytic 
oxide are present in a microscopically dispersed and 
exposed state on the outermost surface of the surface 
layer 23. 

[0068] Further, in the embodiment shown in Fig. 5, the 
layer 24 formed of a photocatalytic oxide may further 
contain an inorganic oxide. This embodiment is shown 
in Fig. 6. In the embodiment shown in Fig. 6, a particu- 
late inorganic oxide 29 is dispersed in the layer formed 
of a photocatalytic inorganic oxide. This inorganic oxide 
29 also is present in an exposed state on the outermost 
surface of the layer 23. 

[0069] In the second aspect of the present invention, 
photocatalytic oxides include those as described above. 
Further, light sources and irradiation intensity of light 
may be substantially the same as those described 
above in connection with the first aspect of the present 
invention. 

[0070] In the second aspect of the present invention, 
hydrophobic resins include fluororesins, acrylic resins, 
urethane resins, polyester resins, vinyl resins, PET, and 
silicone resins, for example, acrylic silicone, and rub- 
bers. 

[0071]- According to a preferred embodiment of the 
present invention, a fluororesin is utilized as the hydro- 
phobic resin from the viewpoint of lightfastness. Pre- 
ferred fluororesins include polymers containing a fluoro 
group, such as po I yt etraf I ucro ethylene, polyvinyl id en e 
fluoride, polyvinyl fluoride, polychlorotrifluoroethylene, 
tetrafluoroethylene/hexafluoroprcpylene copolymer, 
ethylene/tetrafluoroethylene copolymer, ethylene/chlo- 
rotrifluoroethylene copolymer, tetrafluoroethylene/per- 
fluoroalkyl vinyl ether copolymer, perfluorocyclo 
polymer, vinyl ether/fluoroolefin copolymer, vinyl 
ester/fluorcolefin copolymer, tetrafluoroethylene/vinyl 
ether copolymer, chlorotrifluoroethylene/vinyl ether 
copolymer, urethane-crosslinked tetrafluoroethylene, 
epoxy-crossfinked tetrafluoroethylene, acryl-crosslinked 
tetrafluoroethylene, and melamine-crosslinked 
tetrafluoroethylene. 

[0072] According to another preferred embodiment of 
the present invention, a silicone resin is used as the 



hydrophobic resin. Specific examples of preferred sili- 
cone resins include hydrclyzates and hydration poly- 
condensates of methyltrimethoxysilane, methyltrieth- 
oxysilane, methyltrichlorosilane, methyltribromosiiane, 

5 methyltriisopropoxysilane, methyl-tri-l-butoxysilane, 
ethyltrimethoxysilane. ethyitriethoxysilane, ethyltrichlo- 
rosilane, ethyltribromosilane, ethyltriisopropoxysilane, 
ethyl-tri-t-butoxysilane, n-propyltrimethoxysilane, n-pro- 
pyltriethoxysilane, n-prcpyltrichlorosilane, n-propyltri- 

w bromosilane, n-propyltriiscprcpoxysilane, n-propyl-tri-t- 
butoxysilane, n-hexy!trimethoxysitane, n-hexyltriethox- 
ysilane, n-hexytrichlorosilane, n-hexyttribromosilane, n- 
hexyltriisopropoxysilane, n-hexyl-tri-t-butoxysilane, n- 
decyltrimethoxysilane, n-decyltriethoxysilane, n-decyi- 

j5 trichlorosilane, n-decyltribromosilane, n-decyltriisopro- 
poxysilane, n-decyl-tri-t-butoxysilane, n-cctatrimeth- 
oxysiiane, n-octatriethoxysilane. n-octatrichlorosilane, 
n-octatribromosilane, n-octatriisoprcpoxysilane, n-octa- 
tri-t-butoxysi!ane, phenyltrimethoxysilane, phenyitri- 

20 ethoxysilane, phenyltrichlorosilane, phenyltribrcmosi- 
iane, phenyltriisopropoxysilane, phenyl-t-butoxysilane, 
dimethyldichlorosilane, dimethyldibromosilane, dimeth- 
yldimethoxysilane, dimethyldiethoxysilane, diphenyl- 
dichlorosilane, diphenyldibromosilane, diphenyldimeth- 

25 oxysilane, diphenyldi ethoxysilane, phenylmethyldichlo- 
rosilane, phenylmethyldibromosilane, phenylmethyld- 
imethoxysilane, phenylmethyldiethoxysilane, vinyltrich- 
lorosilane, vinyltribromosilane. vinyltrimethoxysilane, 
vinyltriethoxysilane, vinyltriisopropoxysilane, vinyl-tri-t- 

3 o butoxysilane, trifluoropropyltrichlorosilane, trifluoropro- 
pyltribromosilane, trifluoropropyltrimethoxysilane, trif- 
luoropropyltriethoxysilane, trifluoropropyltriisoprop- 
oxysilane, trifluoropropyl-tri-t-butoxysilane, y-Qlycidoxy- 
propylmethyldimethoxysilane, /-glycidoxypropylmethyl- 

35 diethoxysilane, y-glycidoxypropyltrimethoxysilane, y- 
glycidoxypropyltri ethoxysilane, y-glycidoxypropyltriiso- 
propoxysilane, y-glycidoxypropyl-tri-t-butoxysilane, y- 
methacryloxypropylmethyldimethoxysilane, y-methacry- 
ioxypropylmethyldiethoxysilane, y-methacryloxypropylt- 

40 rimethoxysilane, y-methacryloxypropyltri ethoxysilane, y- 
methacryloxypropyltriisopropoxysilane, y-methacryloxy- 
propyl-tri-t-butoxysilane, y-aminopropylmethyldimethox- 
ysilane, y-aminopropylmethyldiethoxysilane, y-amino- 
propyltrimethoxysilane, y-aminopropyltriethoxysilane, y- 

^5 aminopropyitriisopropoxysilane, y-aminoprcpyl-tri-t- 
butoxysilane, y-mercaptoprcpylmethyldimethoxysilane, 
y-mercaptopropylmethyldiethoxysiiane, y-mercaptcpro- 
pyltrimethoxysilane, y-mercaptopropyitri ethoxysilane, y- 
mercaptopropyltriisopropoxysilane, y-mercaptopropyl- 

50 tri-t-butoxysilane, p-(3,4-epoxycyclohexyl)ethyltrimeth- 
oxysilane, and p-(3,4-epoxycyc!ohexyl)ethyftriethoxysi- 
!ane. In the first aspect of the present invention, these 
silicone resins are used as a material for imparting a 
hydrcphilic portion. Specifically, in the first aspect of the 

.55 present invention, these silicone resins are hydrcphili- 
fied by photocatalytic action of the photocatalytic oxide, 
it is considered that, also in the second aspect of the 
present invention, the silicone resin present around the 
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photocatalytic oxide is hydrophilified. In the second 
aspect of the present invention, however, the silicone 
resin, as compared with the photocatalytic oxide, is 
present in an amount large enough to serve substan- 
tially as a hydrophobic resin. Therefore, there is no dis- 
crepancy between the first and second aspects of the 
present invention. 

(0073] In the present invention, the level of the hydro- 
phobicity of the hydrophobic resin may be suitably 
determined so far as the effect of the present invention 
is attained. For example, the level of the hydrophobicity 
is preferably not less than 60° . more preferably not less 
than 120° , in terms of the contact angle of the hydro- 
phobic resin with water. 

[0074] Inorganic oxides, which are preferably added in 
the second aspect of the present invention, are not par- 
ticularly limited so far as they can be hydrophilified by 
photocatalytic action of the photocatalytic oxide. Exam- 
ples thereof include silica, alumina, water glass, silicate, 
alumincsilicate, zirconia, ceria, tin oxide, calcia, magne- 
sia, amorphous titania and other metal oxides. Among 
them, silica or alumina is particularly preferred from the 
viewpoint of retention of the hydrophilicity of the 
hydrophilic portion in a dark place. 
(0075] The substrate also is not particularly limited. As 
with the substrate used in the first aspect of the present 
invention, the substrate may be suitably determined by 
taking the applications of the member into considera- 
tion. Specific examples of substrates usable herein 
include those described above in connection with the 
first aspect of the present invention. 
[0076] The content of the photocatalytic oxide in the 
surface layer of the member according to the second 
aspect of the present invention is not particularly limited. 
For example, the content of the photocatalytic oxide in 
the surface layer is preferably about 10 to 30% by 
weight, more preferably about 20 to 50% by weight. 
[0077] According to a preferred embodiment of the 
present invention, the thickness of the surface layer may 
be suitably determined by taking into consideration the 
composition of the surface layer, applications of the 
member and the like. The preferred range of the layer 
thickness may also be the same as that described 
above in connection with the first aspect cf the present 
invention. 

[0078] Like the embodiment shown in the drawing, the 
photocatalytic oxide may be utilized as a particle. 
Although the particle diameter (crystallite diameter) 
may be suitably determined, the particle diameter is 
preferably about 1 to 100 nm, more preferably about 5 to 
20 nm. 

[0079] Also when the inorganic oxide is used as a par- 
ticle, the particle diameter thereof may be suitably 
determined. However, the particle diameter is preferably 
about 1 nm to 1 urn, more preferably aboui 5 to 100 nm. 
(0080] For the embodiments shown in the drawings, 
preferred conditions are as follows. 
[0081] At the outset, in the embodiment shewn in Fig. 



3. the thickness of the hydrophobic resin layer 24 is 
preferably about 10 nm to 10 urn, more preferably about 
100 nm to I urn. The content of the photocatalytic oxide 
particle in the layer 24 is preferably about 10 to 30% by 

5 weight, more preferably about 20 to 50% by weight. In 
the embodiment shown in Fig. 4, the content of the pho- 
tocatalytic oxide particle is preferably about 1 to 80% by 
weight, more preferably about 20 to 50% by weight, 
while the content of the inorganic oxide particle is pref- 

w erably about 1 io 70% by weight, more preferably about 
5 to 55% by weight. 

[0082] Further, in the embodiment shown in Fig. 5, the 
thickness of the photocatalytic oxide layer 27 is prefera- 
bly about 10 nm to 1 um, m ° r e preferably about 50 to 

75 400 nm. The thickness of the hydrophobic resin layer 
overlying the photocatalytic oxide layer 27 is preferably 
about 1 to 100 nm, mere preferably about 5 to 50 nm. In 
the embodiment shown in Fig. 6, the content of the pho- 
tocatalytic oxide particle is preferably about 10 to 9S% 

20 by weight, more preferably about 50 to 99% by weight, 
while the content of the inorganic oxide particle is pref- 
erably about 50 to 90% by weight, more preferably 
about 5 to 50% by weight. 

[0083] As described above, basically, the member 
25 according to the second aspect of the present invention 
also may be used in the same applications as the mem- 
ber according to the first aspect of the present invention. 
Further, as with the first aspect of the present invention, 
in the second aspect of the present invention, the pro- 
30 portion of the hydrcphobic portion and the hydrophilic 
portion present on the surface layer also may be suita- 
bly determined by taking applications of the member 
into consideration. The proportion of the hydrophobic 
portion and the hydrophilic portion and specific exam- 
35 pies of applications of the member may be the same as 
those described above in connection with the first 
aspect of the present invention. 
[0084] Specifically, the member, wherein the hydro- 
phobic portion and the hydrophilic portion each are 
40 present in at least one place per 10 to 100 nm 2 on the 
outermost surface of the surface layer, has such a prop- 
erty that biopolymers are less likely to be deposited 
thereon. Therefore, this member can be applied to anti- 
thrcmbotenic materials, anti-protein-depositable materi- 
=15 als, anti-lipid-adhesion materials and the like. More spe- 
cifically, the member may be used as contact lenses 
and disposable medical instruments, such as urinary 
catheters, percutaneous devices, various artificial 
organs, blood bags, urine-collecting bags, lung drain- 
so ages, and tubes for connection between the above 
members. 

[0085] On the other hand, the member, wherein the 
hydrophobic portion and the hydrophilic portion each 
are present in at least one place per 10 nm 2 to 1 urn 2 on 
55 the outermost surface of the surface layer, has such a 
property that organisms are less likely ■£> be deposited 
thereon. Therefore, :his member may be used as mate- 
rials for the bottom of ships, outer wail materials, bath- 
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room materials, bathtub materials, materials for water 
tanks for the appreciation, and surface materials (for 
example, design tiles) for equipment utilizing circulating 
water (for example, artificial waterfalls in parks) in its 
area which comes into contact with the circulating 5 
water. 

[0086] Further, the member, wherein the hydrophobic 
portion and the hydrcphilic portion each are present in 
at least one place per mm 2 on the outermost surface of 
the surface layer, lias such a property that a stain \o 
derived from suspended smoke and soot in the air is 
less likely to be deposited thereon, or the stain, even 
when once deposited thereon, can be easily removed. 
Therefore, this member may be used as building mate- 
rials for outdoors, covers for solar batteries, covers for 15 
heat collectors for solar water heaters, handrails, inter- 
nal walls for tunnels, sound insulating walls, sound bar- 
riers, guard fences, road structures, such as decorative 
plates for roads, window shades (blinds), insulators, 
wheels, and bodies for vehicles, such as automobiles. 20 
[0087] In the member according to the second aspect 
of the present invention, as with the member according 
to the first aspect of the present invention, the contact 
angle of the surface layer with water is not basically lim- 
ited so far as the member has an antifouling activity. In 25 
general, however, the apparent contact angle of the 
member with water is about 10 to 120° . 
[0088] Photocatatytic oxides are known to have anti- 
fouling, antimicrobial, and deodorant activities based on 
the oxidative degradation action. It is believed that, also 30 
in the member according to the present invention, this 
action is maintained. It is believed that the oxidative 
degradation action of the photocatalyst is more prefera- 
bly exhibited in the case where the hydrophobic portion 
derived from the water-repellent fluororesin and the 35 
hydrophilic portion derived from the silicone or silica 
each are present in at least one place per 0.1 mm 2 on 
the outermost surface of the surface layer. 
[0089] Further, the member according to the present 
invention can effectively prevent the growth of water 40 
droplets deposited thereon, and water droplets depos- 
ited on the member are rolled over the surface by the 
action of slight force and easily removed from the sur- 
face. Further, ice and snow are not easily deposited on 
the surface of the member according to the present ^5 
invention. That is, the member according to the present 
invention has inhibitory activity against the growth of 
water droplets, deposition of water droplets, and depo- 
sition of ice and snow. 

[0090] Because the member of the present invention so 
has inhibitory activity against the growth of water drop- 
lets, application of the member to glasses, mirrors and 
the like can effectively prevent the growth of water drop- 
lets to such an extent that water droplets scatter light. 
More specifically, the member can be applied for pre- 55 
venting fogging or ensuring the visibility of glasses, mir- 
rors, lenses, prisms and the like. More specifically, the 
member can be used as windowpanes for buildings, 



windowpanes for vehicles, windshields for vehicles, mir- 
rors for vehicles, road mirrors, lavatory mirrors, covers 
for instrument boards, lenses for spectacles, helmet 
shields, goggles, and showcases for retention of heat. It 
is believed that the above action is more preferably 
exhibited in the case where the hydrophobic portion 
derived from the water-repellent fluororesin and the 
hydrophilic portion derived from the silicone or silica 
each are present in at least one place per 0.2 ^m 2 on 
the outermost surface of the surface layer. 
[0091] Further, since the member according to the 
present invention has inhibitory activity against the dep- 
osition of water droplets and against the deposition of 
ice and snow, the member according to the present 
invention can be used in applications, such as the pre- 
vention of a lowering in efficiency of a heat exchanger 
due to the deposition of water droplets between fins in 
an aluminum fin of the heat exchanger, the prevention of 
a lowering in the insulating property of a bath surface 
due to the deposition of water (salt) onto the surface of 
an insulator, the prevention of a deterioration in design 
due to the deposition of water droplets onto an apron 
portion of a bathtub, the prevention of accumulation of 
ice and snow on a roof, the prevention of the formation 
of an icicle, the prevention of accumulation of ice and 
snow on an antenna, the prevention of communication 
troubles, the prevention of accumulation of ice and snow 
on a power line, and the prevention of conical discharge- 
More specifically, the member can be used as fins for 
heat exchangers, insulators, bathtubs, counters for lav- 
atories, kitchen counters, roof materials, roof gutters, 
antennas, and power lines. According to a preferred 
embodiment of the present invention, it is believed that 
the inhibitory activity against the deposition of water 
droplets and the inhibitory activity against the deposi- 
tion of ice and snow are more preferably exhibited in the 
case where the hydrophobic portion derived from the 
water-repellent fluororesin and the hydrophilic portion 
derived from the silicone or silica each are present in at 
least one place per mm 2 on the outermost surface of the 
surface layer. 

[0092] Further, according to the second gspect of the 
present invention, as with the first aspect of the present 
invention, preferably, a metal, such as silver, copper, or 
zinc, is added to the surface layer. The surface layer 
with the above metal added thereto can kill bacteria and 
mold deposited on the surface thereof even in a dark 
place and hence can further improve the antifouling 
property. Further, a platinum group metal, such as plat- 
inum, palladium, ruthenium, rhodium, iridium, or 
osmium, may be added to the surface layer. The surface 
layer with the above metal added thereto can enhance 
the redox activity of the photocatalyst and can improve 
the degradability of organic stains and the degradability 
of harmful gases and bad smells. 
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Production of antifouling member according to second 
aspect 

(0093] Preferably, the member according to the sec- 
ond aspect of the present invention is produced as fol- 
lows. 

[0094] The member having a construction shown in 
Fig. 3 or 4 may be produced by coating a substrate with 
a layer comprising a hydrophobic resin containing a 
photocatalytic oxide and optionally an inorganic oxide 
dispersed therein. More specifically, a hydrophobic 
resin is dissolved in a solvent capable of dissolving the 
hydrophobic resin, and a photocatalytic oxide and 
optionally an inorganic oxide are dispersed in the solu- 
tion to prepare a coating liquid which is then coated on 
a substrate. Thereafter, the solvent is removed by evap- 
oration to dry the coating and to form a resin layer. 
Thus, a surface layer is formed on the substrate. 
[0095] Basically, the photocatalytic oxide and the inor- 
ganic oxide are present in an exposed state on the out- 
ermost surface of the surface layer, the degree of the 
exposure of the photocatalytic oxide and the inorganic 
oxide on the outermost surface of the surface layer 
being basically proportional to the concentration of the 
photocatalytic oxide and the inorganic oxide in the coat- 
ing liquid. In some cases, however, even when the con- 
centration of these materials in the coating liquid is 
increased, it is difficult to expose the photocatalytic 
oxide and the inorganic oxide on the outermost surface. 
In this case, after the formation of the resin layer, the 
surface of the resin layer may be removed to expose a 
desired amount of the photocatalytic oxide and the inor- 
ganic oxide, present within the layer, on the surface 
thereof. 

[0096] Alternatively, the members having construc- 
tions as shown in Figs. 3 and 4 may be produced as fol- 
lows. Specifically, at the outset, a hydrophobic resin 
precursor composition capable of forming a hydropho- 
bic resin layer is coated on a substrate. An example of 
the precursor composition is a solution of a hydrophobic 
resin in a solvent capable of dissolving the hydrophobic 
resin. On the other hand, the surface of the inorganic 
oxide and the surface of the photocatalytic oxide are 
hydrophobified with a hydrophobifying agent. Specific 
examples of hydrophobifying agents include, for exam- 
ple, silane coupling agents. The hydrophobified photo- 
catalytic oxide and inorganic oxide are coated on the 
coating of the hydrophobic resin precursor composition 
formed on the substrate. The surface of the photocata- 
lytic oxide and the surface of the inorganic oxide are 
now in a hydrophobified state, and, hence, the photocat- 
alytic oxide and the inorganic oxide have good affinity 
for and can be evenly present on the hydrophobic resin 
coating. Thereafter, the hydrophobifying agent is 
removed from ihe surface of the photocatalytic oxide 
and the inorganic oxide. The hydrophobifying agent may 
be removed by a suitable method determined depend- 
ing upon -he -ype of the hydrophobifying agent. For 



example, a silane coupling agent can be easily removed 
by ultraviolet irradiation or etching. The assembly is 
then cured or dried to induce such a reaction that the 
precursor composition is converted to a hydrophobic 
5 resin layer. Thus, members as shown in the drawings 
are obtained. 

[0097] The members having constructions as shown 
in Figs. 5 and 6 may be produced, for example, by form- 
ing a layer comprising a photocatalytic oxide and option- 

io ally an inorganic oxide on the surface of a substrate, 
applying a hydrophobic resin precursor composition, 
capable of forming a hydrophobic resin layer, on a part 
of the above layer to form a coating, and subjecting the 
coating to such a reaction that the coating is converted 

15 to a hydrophobic resin layer. More specifically, a compo- 
sition containing photocatalytic oxide particles and 
optionally a binder is provided. The composition is 
coated on a substrate. The coating is subjected to such 
a reaction that photocatalytic oxide particles are bonded 

20 to one another through the binder, thereby forming a 
photocatalytic oxide layer. A solution containing a hydro- 
phobic resin precursor composition dissolved therein is 
then applied on a part of the photocatalytic oxide layer. 
The application of the solution on a part of the photocat- 

25 alytic oxide layer may be carried out, for example, by 
applying the precursor composition through a slit having 
a specific cpening pattern. Thereafter, the coating is 
then subjected to such a reaction that the precursor 
composition is converted to a hydrophobic resin layer, 

30 thereby forming a member. 

[0098] Alternatively, members having constructions as 
shown in Figs. 5 and 6 may be produced as follows. 
Specifically, at the outset, a layer comprising a photo- 
catalytic oxide and optionally an inorganic oxide is 

35 formed on the surface of a substrate in the same man- 
ner as described above. A composition comprising a 
photodecomposable hydrophobic material and a hydro- 
phobic resin is applied on the above layer to form a 
coating. The coating is then irradiated with light to 

40 decompose and remove the photodecomposable 
hydrophobic material, and the coating is subjected to 
such a reaction that the coating is converted to a hydro- 
phobic resin layer. 

[0099] Further, members having constructions as 
■*5 shown in Figs. 5 and 5 may be produced as follows. 
Specifically, at the outset, a layer comprising a photo- 
catalytic oxide and optionally an inorganic oxide is 
formed on the surface of a substrate in the same man- 
ner as described above. A composition comprising a 
so hydrophobic material, dissolvable in a specific solvent, 
and a hydrophobic resin is applied onto the above layer 
to form a coating. The specific solvent is brought into 
contact with the surface of the coating to remove the 
hydrophobic material, thereby converting the coating 
55 iayer to a hydrophobic layer to prepare a member. 
Hydrophobic materials dissolvable in specific solvents 
are known in the art. Examples of combinations of 
hydrophobic materials with specific solvents capable of 
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dissolving them include: a combination of polyethylene 
or polystyrene with a petroleum; a combination of poly- 
acetal or polyamide with a strong alkali; a combination 
of polyacetal, A8S ( or acryl with a strong acid; a combi- 
nation of low-density polyethylene, polypheny! oxide, 
polystyrene, polysulfone, or polyvinyl chloride with a 
chloro compound solvent; a combination of polyacetal, 
AB3, polystyrene, or polyvinyl chloride with an amine 
compound; a combination or acryl, polystyrene, polysul- 
fone, or polyvinyl chloride with a ketone, an ester, an 
ether; and a combination of ABS, acryl, polyphenylene 
oxide, polystyrene, or polyvinyl chloride with an aro- 
matic acid compound solvent. 

[EXAMPLES] 
Example 1 

[0100] A titanium oxide (anatase form) sol (Nissan 
Chemical Industries Ltd., TA-15, nitric acid peptization 
type, pH = 1), a silica sol (Japan Synthetic Rubber Co.. 
Ltd., liquid A of Glasca, pH = 4), methyltrimethoxysilane 
(Japan Synthetic Rubber Co., Ltd., liquid B of Glasca), 
and ethanol were mixed together. The mixture was 
stirred for 2 to 3 min to prepare a coating liquid. The 
coating liquid was spray-coated on the surface of a 
glazed tile having a size of 5 x 10 cm square (TOTO, 
LTD., AB02E11). The coating was heat treated for 15 
min at 200°C to form a surface layer comprising 11 
parts by weight, based on charge weight, of titanium 
oxide (anatase form) particles, 6 parts by weight, based 
on charge weight, of silica, and 5 parts by weight, based 
on charge weight, of silicone. Thus, a member having 
antifouling activity was prepared. This member was 
used as sample 1. 

[0101] The contact angle of sample 1 with water was 
35° . In this case, the contact angle of the sample with 
water was measured with a contact angle goniometer 
(Kyowa Interface Science Co., Ltd.. CA-X150). The con- 
tact angle was measured 30 sec after dropping of a 
water droplet through a microsyringe on the surface of 
the sample. 

[0102] The surface of sample 1 was then irradiated 
with ultraviolet light from an ultraviolet light source (San- 
kyo Denki, a black light blue (BL8) fluorescent lamp) at 
an ultraviolet irradiation intensity of 0.3 mW/cm 2 for one 
day. The member thus prepared was used as sample 2. 
The contact angle of sample 2 with water was meas- 
ured. As a result, it was found that the sample was 
hydrophilified to 0° in terms of the contact angle. 
[0103] Next, the surface of sample l was analyzed by 
Raman spectroscopy. Further, sample 1 was irradiated 
with ultraviolet light from a mercury lamp for 2 hr at an 
ultraviolet irradiation intensity cf 22.8 mW/cm 2 to pre- 
pare sample 3. The surface of sample 3 was analyzed 
by Raman spectroscopy. As a result, a peak derived 
from a methyl group observed on the surface of sample 
1 was not observed in sample 3. instead. 3 broad peak 



derived from a hydroxyl group was observed in sample 
3. 

[0104] From the above fact, it is considered that, due 
to photocatalytic action created in response of photoex- 
5 citation of the titanium oxide (anatase form) as the pho- 
tocatalyst, organic groups bonded to silicon atoms in a 
silicone molecule on the surface of the coating are sub- 
stituted by hydroxyl groups and the coating is hydrophil- 
ified. 

10 

S ampl e Z 

[0105] A titanium oxide (anatase form) sol (Nissan 
Chemical Industries Ltd., TA-15), a silica sol (Japan 

is Synthetic Rubber Co., Ltd., liquid A of Glasca), methylt- 
rimethoxysilane (Japan Synthetic Rubber Co., Ltd., liq- 
uid B of Glasca), polytetrafluorcethylene (PTFE) 
particles (Daikin Industries, Ltd., Ruburon L-5), and eth- 
anol were mixed together. The mixture was stirred for 2 

20 to 3 min to prepare a coating liquid. The coating liquid 
was spray-coated (spray diameter: 0.5 mm) on the sur- 
face of a glazed tile substrate having a size cf 5 x 1 0 cm 
square (TOTO, LTD., AB02E11). The coating was heat 
treated for 15 min at 200°C to form a surface layer com- 

25 prising 33 parts by weight, based on charge weight, of 
titanium oxide (anatase form) particles, 66 parts by 
weight, based on charge weight, of polytetrafluoroethyl- 
ene, 6 parts by weight, based on charge weight, of sil- 
ica, and 5 parts by weight, based on charge weight, of 

30 silicone. The member thus formed was used as sample 
4. The contact angle of sample 4 with water was 110°. 
[0106] The surface of sample 4 was then irradiated 
with ultraviolet light from an ultraviolet light source (San- 
kyo Denki, a black light blue (BLB) fluorescent lamp) at 

35 an ultraviolet irradiation intensity of 0.3 mW/cm 2 for one 
day. The member thus prepared was used as sample 5. 
The contact angle of sample 5 with water was 97 4° , 
that is. was somewhat lower than that before the ultravi- 
olet light irradiation. It is expected that photocatalytic 

40 action permits organic groups bonded to silicon atoms 
in a silicone molecule were substituted by hydroxyl 
groups, resulting in hydrophilification. Therefore, it is 
considered that the contact angle of the sample with 
water was somewhat lowered by the hydrophilification. 

J5 That is, it is considered that, due to the photocatalytic 
action, organic groups on the surface of sample 5 was 
substituted by hydroxyl groups, resulting in the forma- 
tion of a structure wherein both a hydrophitic portion, 
where a hydrophilified silicone was exposed to the out- 

so -3ide air, and a water-repellent portion, where a water- 
repellent fluororesin was exposed to the outside air, 
were microscopically dispersed. 

Example 3 

55 

[01 07] Sample 5 prepared in Example 2 was disposed 
outdoors to determine the capability of the surface of 
'he sample to retain the cleanness against deposits and 
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contaminants. For comparison, a glazed tile plate was 
disposed outdoors in the same manner as the sample 5. 
[01 03] The capability of the surface of the sample to 
retain the cleanness against deposits and contaminants 
was determined by disposing the sample under a roofed 
portion in the rooftop of a building as shown in Fig. 2 
and exposing the sample for four months. 
[0109] As a result, the glazed title plate was found to 
be somewhat soiled, whereas no soil was found for 
sample 5. 

[01 1 0] Before and after the 4-month outdoor exposure 
test, the color difference v/as measured for the surface 
of the member. The color difference was measured with 
a color difference meter (Tokyo Denshoku Co., Ltd.). 
AE* was used as the color difference according to the 
Japanese Industrial Standards (JIS) H0201. As a result, 
the change in color difference between before and after 
the outdoor exposure test was 2 for the glazed tile plate, 
whereas the change in color difference was as small as 
0.5 for sample 5. 

Example 4 

[0111] Photocatalytic titania particles (Ishihara 
Sangyo Kaisha Ltd., ST-41, 5 g), the surface of which 
had been coated with 1,3,5,7-tetramethylcyclotetrasi- 
loxane by bringing 1 ,3,5,7-tetramethylcyciotetrasiloxane 
into contact in a gaseous phase with the photocatalytic 
titania particles, Voncoat (Dainippon Ink and Chemicals, 
Inc., vinyl acetate/acryl copolymer, 0.6 g), and 25 ml of 
water were mixed together in a paint shaker. The mix- 
ture was coated on an aluminum substrate. In this case, 
the proportion of the resin component to the titania was 
1 in terms of the volume ratio. The coating was cured at 
120°C to prepare sample 19. 

[0112] The contact angle of sample 1 9 with water was 
measured and found to be 70° . 
[01 1 3] Further, the surface of the sample was treated 
with an aqueous sodium hydroxide solution having pH 
10, further treated with dilute hydrochloric acid, and 
then irradiated with sunlight to prepare sample 20. 
[01 14] The contact angle of sample 20 -with water was 
measured. As a result, it was found that the contact 
angle was reduced to 56° . 

[0115] The surface of sample 20 was coated with an 
aqueous Methylene Blue solution, and the coated sam- 
ple was irradiated with sunlight in the same manner as 
described above. One day after the initiation of the irra- 
diation, it was found that the dye was faded, confirming 
that antifouling effect by the photocatalytic decomposi- 
tion could be attained. 

Example 5 

[0116] A titanium oxide (anatase form) sol (ishihara 
Sangyo Kaisha Lid., -3T3-11). polytetratluoroethylene 
(PTFE) particles (Daikin Industries. Ltd.. 0-1), and dis- 
tilled water were mixed together. The mixture was 



stirred for 30 min to prepare a coating liquid. The coat- 
ing liquid was coated on a soda lime glass substrate 
having a size of 10 cm square by spray coating. The 
coating was heat-treated at 380°C for 3 min, thereby 

5 forming a surface layer comprising 4 parts by weight of 
titanium oxide (anatase form) particles and 6 parts by 
weight of pclytetrafluoroethylene particles. Next, a 
reflective coating of aluminum was formed by vacuum 
deposition on the backside of the glass plate to prepare 

io mirror sample 11. 

[0117] Observation of the surface of sample 11 
showed that this sample had a surface layer having 
such a structure that both a hydrophilic portion, where 
photocatalytic oxide particles were exposed so as to 

is contact with the outside air, and a water-repellent por- 
tion, where a water-repellent fluororesin were exposed 
to so as to contact with the outside air, were microscop- 
ically dispersed on the surface thereof. 
[0118] The contact angle of the surface of sample 11 

20 with water was measured. In this case, the contact 
angle of the sample with water was measured with a 
contact angle goniometer (Kyowa Interface Science 
Co., Ltd., CA-X150). The contact angle was measured 
30 sec after dropping of a water droplet on the surface 

25 of the sample. As a result, the contact angle of the sam- 
ple with water was 120° , that is. a value more than 90° 
. When sample 11 was inclined, water droplets were 
rolled down. 

[01 19] The surface of sample 1 1 was then irradiated 
30 with ultraviolet light from an ultraviolet light source (San- 
kyo Denki, a black light blue (BLB) fluorescent lamp) at 
an irradiation intensity of 0.5 mW/cm 2 for about one day 
to prepare sample 12. The contact angle of sample 12 
with water was measured and found to be 1 10° . When 
35 sample 12 was inclined, water droplets were rolled 
down. 

Examcle 6 

*o [0120] A titanium oxide (anatase form) sol (Ishihara 
Sangyo Kaisha Ltd., STS-11), polytetratluoroethylene 
(PTFE) particles (Daikin Industries, Ltd., D-1), and dis- 
tilled water were mixed together. The mixture was 
stirred for 30 min to prepare a coating liquid. The coat- 

15 ing liquid was coated on a slate substrate by spray coat- 
ing. The coating was heat-treated at 380°C for 3 min, 
thereby forming a surface layer comprising 4 parts by 
weight of titanium oxide (anatase form) particles and 6 
parts by weight of pclytetrafluoroethylene particles. 

50 Thus, sample 21 was obtained. 

[0121] Observation of the surface of sample 21 
showed that this sample had a surface layer having 
such a structure ;hat both a hydrophilic portion, where 
photocataJytic oxide particles were exposed so as io 
contact with the outside air, and a water-repellent por- 
tion, where a water-repellent fluororesin were exposed 
io so as to contact with the outside air, were microscop- 
ically dispersed on the surface thereof. 
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[0122] The contact angle of the surface of sample 21 
with water was then measured. !n this case, the contact 
angle of the sample with water was measured with a 
contact angle goniometer (Kyowa Interface Science 
Co., Ltd., CA-X150). The contact angle was measured 5 
30 sec after dropping of a water droplet on the surface 
of the sample. As a result, the contact angle of the sam- 
ple with water was 120° . that is, a value more than 90° 
. When sample 21 was inclined, water droplets were 
rolled down. w 
[0123] The surface of sample 21 was then irradiated 
with ultraviolet light from an ultraviolet light source (San- 
kyo Denki, a black light blue (BL3) fluorescent lamp) at 
an ultraviolet irradiation intensity ol 0.5 mW/cm 2 for 
about one day to prepare sample 22. The contact angle is 
of sample 22 with water was measured and found to be 
110° . When sample 22 was inclined, water droplets 
were rolled down. 

Claims 20 

1. A member comprising: a substrate; and a surface 
layer provided on the substrate, the surface layer 
comprising a photocatalytic oxide, a silicone resin 

or silica, and a water-repellent fluororesin, the sili- 25 
cone or silica and the water-repellent fluororesin 
being present in a microscopically dispersed and 
exposed state on the outermost surface of the sur- 
face layer. 

30 

2. The member according to claim 1 , wherein the pho- 
tocatalytic oxide is selected from the group consist- 
ing of anatase form of titanium oxide, rutile form of 
titanium oxide, zinc oxide, tin oxide, ferric oxide, 
dibismuth trioxide, tungsten trioxide, and strontium 35 
titanate. 

3. The member according to claim 1 or 2, wherein the 
photocatalytic oxide hydrophiiifies the silicone resin 

or silica present on the outermost surface of the *o 
member by photocatalytic action created in 
response to photoexcitation. 

4. The member according to claim 1 or 2, wherein the 
silicone resin is represented by the following aver- 45 
age composition formula (I) 

KpSiO (4 .p)/2 (I) 
wherein so 

R represents a group selected from the group 
consisting of a hydrogen atom and one or more 
organic groups; 

X represents an alkoxy group or a halogen 55 
atom; and 

p is a number satisfying 0 < p < 2. 
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5. The member according to claim 4, wherein the 
organic group is an alkyl or an aryl group. 

6. The member according to any one of claims 1 to 5, 
wherein the silica is amorphous silica. 

7. The member according to any one of claims 1 to 6, 
wherein the presence of a hydrophobic portion 
derived from a hydrophobic resin and a hydrophilic 
portion derived from a silicone resin or silica in 
microscopically dispersed and exposed state on 
the outermost surface prevents both a hydrophilic 
material and a hydrophobic material from being 
deposited on the surface of the member, thus per- 
mitting the surface of the member to be kept clean. 

3. The member according to any one of claims 1 to 7, 
wherein a hydrophobic portion derived from the 
water-repellent fluororesin and a hydrophilic portion 
derived from the silicone or silica each are present 
in at least one place per 10 to 100 nm 2 on the out- 
ermost surface of the surface layer. 

9. The member according to claim 8, which has such 
a property that a biopolymer is less likely to be 
deposited thereon. 

10. The member according to claim 9, which is used as 
an anti-thrombotenic material, an anti-protein- 
depositable material, and an anti-lipid-adhesion 
material. 

11. The member according to claim 10, which is a con- 
tact lens or a urinary catheter, a percutaneous 
device, an artificial organ, a blood bag, a urine-col- 
lecting bag, a lung drainage, or a tube for connec- 
tion between said members. 

12. The member according to any one of claims 1 to 7, 
wherein a hydrophobic portion derived from the 
water-repellent fluororesin and a hydrophilic portion 
derived from the silicone or silica each are present 
in at least one place per 10 nm to 1 ^m 2 on the out- 
ermost surface of the surface layer. 

13. The member according to claim 10, which has such 
a property that an organism is less likely to be 
deposited thereon. 

14. The member according to claim 13, which is used 
as a surface material in a material for the bottom of 
a ship, an outer wall material, a bathroom material, 
a bathtub material, a material for a water tank for 
the appreciation, or a surface material for equip- 
ment utilizing circulating water in its area which 
comes into contact with the circulating water. 

15. The member according to any one of claims 1 to 7, 
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wherein a hydrophobic portion derived from the 
water-repellent fluororesin and a hydrophilic portion 
derived from the silicone or silica each are present 
in at least one place per mm 2 on the outermost sur- 
face of the surface layer. 

1 6. The member according to claim 15, which has such 
a property that a stain derived from suspended 
smoke and soot in the air is less likely to be depos- 
ited, or the stain, which has been once deposited 
thereon can be easily removed. 

17. The member according to claim 16, which is used 
as a building material for outdoors, a cover for a 
solar battery, a cover for a heat collector for a solar 
water heater, a handrail, an internal wall for a tun- 
nel, a sound insulating wall, a sound barrier, a 
guard fence, a road structure, a blind, an insulator, 
a wheel, or a body for a vehicle. 

13. The member according to any one of claims 1 to 7, 
which has such a property that prevents growth of 
water droplets deposited on the surface thereof. 

19. The member according to claim 18, which is used 
as a windowpane for a building, a windowpane for a 
vehicle, a windshield for a vehicle, a mirror for a 
vehicle, a road mirror, a lavatory mirror, a cover for 
an instrument board, a lens for spectacles, a helmet 
shield, goggles, or a showcase for retention of heat. 

20. The member according to any one of claims 1 to 7, 
wherein water droplets or ice and snow are less 
likely to be deposited thereon, or water droplets, 
even when once deposited thereon, can be easily 
removed. 

21. The member according to claim 20, which is used 
as a fin for a heat exchanger, an insulator, a bath- 
tub, a counter for a lavatory, a kitchen counter, a 
roof material, a roof gutter, an antenna, or a power 
line. 

22. The member according to claim 1 to 16, wherein 
the surface layer further comprises silver, copper, 
zinc, or a platinum group metal. 

23. A composition for application on a substrate to form 
a surface layer having antifouling activity on the 
substrate, said composition comprising: 

(a) a silicone resin coating precursor capable of 
forming a silicone resin coating or a silica coat- 
ing precursor capable of forming a silica coat- 
ing; 

(b) a photocatalytic oxide dispersed in the coat- 
ing precursor (a), and 

(c) a water-reoeilent fluororesin dispersed in 



the coating precursor (a). 

24. Tne composition according to claim 23, wherein the 
silicone resin coating precursor is a siloxane repre- 

5 sented by the average composition formula 

R p SiX q O (4 _p. q )/2 

wherein 

10 

R is as defined above in connection with the 
formula (I); 

X represents an alkoxy group or a halogen 
atom; and 

75 p is a number satisfying 0 < p < 2 and q is a 

number satisfying 0 <q < 4. 

25. The composition according to claim 13, wherein the 
silicone resin coating precursor is a hydrolyzable 

20 silane derivative represented by the general for- 
mula 

R p SiX 4 .p 

25 wherein R is as defined above in connection with 
the formula (I); 

X represents an alkoxy group or a halogen 
atom; and 
30 p is 1 or 2. 

26. The composition according to claim 23, wherein the 
silica coating precursor is a silicate represented by 
the average composition formula 

35 

SiX q O( 4<1 )/2 

wherein X represents an alkoxy group or a halogen 
atom and q is a number satisfying 0 < q < 4. 

40 

27. The composition according to claim 23, wherein the 
silica coating precursor is a tetrafunctional hydro- 
lyzable silane derivative represented by the general 
formula 

SiX 4 

wherein R is as defined above in connection with 
the formula (I); and 

50 

X represents an alkoxy group or a halogen 
atom. 

23. The composition according to any one of claims 23 
55 to 27, wherein the photocatalytic oxide is selected 
from the group consisting of anatase form of tita- 
nium oxide, rutile form of titanium oxide, zinc oxide, 
tin oxide, ferric oxide, dibismuth trioxide. tungsten 
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trioxide, and strontium titanate. 

29. A process for producing the member according to 
any one of claims 1 to 22, comprising the steps of: 

5 

applying the composition according to any one 
of claims 23 to 28 on a substrate; 
subjecting the silicone resin coating precursor 
or the silica coating precursor to such a reac- 
tion that the silicone resin coating precursor or w 
the silica coating precursor is converted to a sil- 
icone coating or a silica coating, thus forming 
an antifouling coating on the substrate, the anti- 
fouling coating comprising the silicone or silica 
and the water-repellent fluororesin rnicroscopi- i£ 
call/ dispersed and exposed on the outermost 
surface of the surface layer. 

30. A process for imparting an antifouling property on a 
desired surface, said process comprising the steps 20 
of: 

applying the composition according to any one 
of claims 22 to 28 onto a surface to which an 
antifouling property is to be imparted; 25 
curing the resultant silicone resin coating pre- 
cursor or the silica coating precursor to form an 
antifouling coating on the substrate, the anti- 
fouling coating comprising the silicone or silica 
and the water-repellent fluororesin rnicroscopi- 30 
cally dispersed and exposed on the outermost 
surface of the surface layer. 

31. An antifouling member produced by the process 
according to claim 29 or 30. 35 

32. A member comprising: a substrate; and a surface 
layer provided on the substrate, the surface layer- 
comprising a hydrophobic resin and a photocata- 
lytic oxide, 40 

the hydrophobic resin and the photocatafytic 
oxide being present in a microscopically dis- 
persed and exposed state on the outermost 
surface of the surface layer, the photocatalytic 45 
oxide being self-hydrophilified or functioning to 
hydrophiiify the photocatalytic oxide still 
remaining unhydrophilified present around the 
photocatalytic oxide by photocatalytic action 
created in response to photoexcitation. so 

33. The member according to claim 32, wherein the 
surface layer further comprises an inorganic oxide 
which, together with the hydrophobic resin and the 
photocatalytic oxide, is microscopically dispersed 55 
and exposed on the outermost surface of the sur- 
face layer, the photocatalytic oxide functioning to 
hydropnilify the inorganic oxide by photocatalytic 



action in response to photoexcitation. 

34. The member according to claim 32, wherein the 
surface layer is a layer comprising the hydrophobic 
resin, the photocatalytic oxide being dispersed in 
the layer, the hydrophobic resin and the photocata- 
lytic oxide being present in a microscopically dis- 
persed and exposed state on the outermost surface 
of the surface layer. 

35. The member according to claim 32, wherein the 
surface layer further comprises an inorganic oxide 
which, together with the hydrophobic resin and the 
photocatalytic oxide, is microscopically dispersed 
and exposed on the outermost surface of the sur- 
face layer, the photocatalytic oxide functioning to 
hydrophiiify the inorganic oxide by photocatalytic 
action in response to photoexcitation. 

36. The member according to claim 31, wherein the 
surface layer comprises a layer, formed of a photo- 
catalytic oxide, and a layer, formed of a hydrophobic 
resin, partially laminated on the layer formed of the 
photocatalytic oxide, the hydrophobic resin and the 
photocatalytic oxide being present in a microscopi- 
cally dispersed and exposed state on the outermost 
surface of the surface layer as a result of the partial 
lamination of the hydrophobic resin layer on the 
layer formed of the photocatalytic oxide. 

37. The member according to claim 32, wherein the 
layer formed of the photocatalytic oxide further 
comprises an inorganic oxide which, together with 
the hydrophobic resin and the photocatalytic oxide, 
is present in a microscopically dispersed and 
exposed state on the outermost surface of the sur- 
face layer, the photocatalytic oxide functioning to 
hydrophiiify the inorganic oxide by photocatalytic 
action in response to photoexcitation. 

38. The member according to any one of claims 32 to 
37, wherein the photocatalytic oxide is selected 
from the group consisting of anatase form of tita- 
nium oxide, rutile form of titanium oxide, zinc oxide, 
tin oxide, ferric oxide, dibismuth trioxide, tungsten 
trioxide. and strontium titanate. 

39. The member according to any one of claims 27 to 

33, wherein the inorganic oxide is selected from the 
group consisting of silica, alumina, water glass, sili- 
cate, aluminosilicate, zirconia, ceria, tin oxide, cal- 
cia, magnesia, and amorphous titania. 

40. The member according to any one of claims 27 to 

34, wherein the hydrophobic resin is selected from 
the group consisting of a fluororesin, an acrylic 
resin, a urethane resin, a polyester resin, a vinyl 
resin, PET, and an acrylic silicone. 
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41. The member according to any one of claims 27 to 

35. wherein the presence of a hydrophobic portion 
derived from a hydrophobic resin and a hydrophilic 
portion derived from the photccatalytic oxide or the 
inorganic oxide in a microscopically dispersed and 
exposed state on the outermost surface prevents 
both a hydrophilic materia! and a hydrophobic 
material from being deposited on the surface of the 
member, thus permitting the surface of the member 
to be kept clean. 

42. The member according to any one of claims 27 to 

36, wherein a hydrophobic portion derived from the 
water-repellent resin and a hydrophilic portion 
derived from photocatalytic oxide or the inorganic 
oxide each are present in at least one place per 10 
to 100 nm 2 on the outermost surface of the surface 
layer. 

43. The member according to claim 42. which has such 
a property that a biopolymer is less likely to be 
deposited thereon. 

44. The member according to claim 43, which is used 
as an anti-thrombotenic material, an anti-protein- 
depositable material, and an anti-lipid-adhesion 
material. 

45. The member according to claim 44, which is a con- 
tact lens or a urinary catheter, a percutaneous 
device, an artificial organ, a blood bag, a urine-col- 
lecting bag, a lung drainage, or a tube for connec- 
tion between said members. 

46. The member according to any one of claims 32 to 
41, wherein a hydrophobic portion derived from the 
water-repellent resin and a hydrophilic portion 
derived from the photocatalytic oxide or the inor- 
ganic oxide each are present in at least one place 
per 10 nm 2 to 1 um 2 on the outermost surface of 
the surface layer. 

47. The member according to any one of claim 46, 
which is used as a surface material in a material for 
the bottom of a ship, an outer wail material, a bath- 
room material, a bathtub material, a material for a 
water tank for the appreciation, or a surface mate- 
rial for equipment utilizing circulating water in its 
area which comes into contact with the circulating 
water. 

48. The member according to any one of claims 32 to 
41, wherein a hydrophobic portion derived from the 
water-repellent :*luororesin and a hydrophilic portion 
derived from the silicone or silica each are present 
.n at ! east one place oer i mm 2 on the outermost 
surface of ihe surface layer. 



49. The member according to claim 43, which has such 
a property that a stain derived from suspended 
smoke and soot in the air is less likely to be depos- 
ited thereon, or the stain, which has been once 

5 deposited thereon can be easily removed. 

50. The member according to claim 49, which is used 
as a building material for outdoors, a cover for a 
solar battery, a cover for a heat collector for a solar 

10 water heater, a handrail, an internal wall for a tun- 
nel, a sound insulating wall, a sound barrier, a 
guard fence, a road structure, a blind, an insulator, 
a wheel, or a body for a vehicle. 

75 51. The member according to any one of claims 32 to 
41 , which has such a property that prevents growth 
of water droplets deposited on the surface thereof. 

52. The member according to claim 13, which can be 
20 applied for preventing fogging or ensuring the visi- 
bility of glass, a mirror, a lens, a prism or the like, 
more specifically a windowpane for a building, a 
windowpane for a vehicle, a windshield for a vehi- 
cle, a mirror for a vehicle, a road mirror, a lavatory 

25 mirror, a cover for an instrument board, a lens for 
spectacles, a helmet shield, goggles, or a show- 
case for retention of heat or can be used as a fin for 
a heat exchanger, an insulator, a bathtub, a counter 
for a lavatory, a kitchen counter, a roof material, a 

jo roof gutter, an antenna, or a power line. 

53. The member according to any one of claims 32 to 
41 , wherein water dropfets or ice and snow are less 
likely to be deposited on the surface thereof, or 

35 water droplets, even when once deposited thereon, 
can be easily removed. 

54. The member according to claim 53, which can be 
applied for preventing fogging or ensuring the visi- 

40 bility of glass, a mirror, a lens, a prism or the like, 
more specifically a windowpane for a building, a 
windowpane for a vehicle, a windshield for a vehi- 
cle, a mirror for a vehicle, a road mirror, a lavatory 
mirror, a cover for an instrument board, a lens for 

45 spectacles, a helmet shield, goggles, or a show- 
case for retention of heat or can be used as a fin for 
3 heat exchanger, an insulator, a bathtub, a counter 
for a lavatory, a kitchen counter, a roof material, a 
roof gutter, an antenna, or a power line. 

55. The member according to claim 32 to 54, wherein 
the surface layer further comprises silver, copper, 
or zinc. 

<T5 56. A process for producing the member according to 
claim 34, comprising the step of 

coating a substrate with a layer comprising the 
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hydrophobic resin with the photccatalytic oxide 
being dispersed therein. 

57. The process according to claim 56, which further 
comprises the step of, after coating the substrate s 
with the layer comprising the hydrophobic resin, 
removing the surface of the resultant layer. 

58. A process for producing the member according to 
claim 35, comprising the step of w 

coating a substrate with a layer comprising the 
hydrophobic resin containing the inorganic 
oxide and the photocatalytic oxide dispersed 
therein. 15 

59. The process according to claim 53, which further 
comprises the step of, after coating the substrate 
with the layer comprising the hydrophobic resin, 
removing the surface of the resultant layer. 20 

60. A process for producing the member according to 
claim 34, comprising the steps of: 

hydrophobifying the surface of the photocata- 25 
lytic oxide with a hydrophobifying agent; 
applying a hydrophobic resin precursor compo- 
sition capable of forming a hydrophobic resin 
layer on the surface of a substrate; 
coating the photocatalytic oxide, the surface of 30 
which has been hydrophobified with the hydro- 
phobifying agent, onto the composition layer 
before conversion of the composition to a 
hydrophobic resin layer; 

removing the hydrophobifying agent from the 35 
surface of the photocatalytic oxide; and 
subjecting the precursor composition to such a 
reaction that the precursor composition is con- 
verted to the hydrophobic resin layer. 

61. A process for producing the member according to 
claim 35, comprising the steps of: 

hydrophobifying the surface of the inorganic 
oxide and/or the photocatalytic oxide with a <*5 
hydrophobifying agent; 

applying a hydrophobic resin precursor compo- 
sition capable of forming a hydrophobic resin 
layer on the surface of a substrate; 
coating the photocatalytic oxide, the surface of so 
which has been hydrophobified with the hydro- 
phobifying agent, onto the composition layer 
before conversion of the composition to a 
hydrophobic resin layer; 

removing the hydrophobifying agent from the ss 
surface of the photocatalytic oxide and/or the 
photocatalytic oxide; and 
subjecting the precursor composition to such a 
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reaction that the precursor composition is con- 
verted to a hydrophobic resin layer. 

62. A process for producing the member according to 
claim 36, comprising the steps of: 

forming a layer comprising the photocatalytic 
oxide on the surface of the substrate; 
partially applying thereon a hydrophobic resin 
precursor composition capable of forming a 
hydrophobic layer to form a coating; and 
subjecting the coating to such a reaction that 
the coating is converted to a hydrophobic resin 
layer. 

63. The process according to claim 53, wherein the 
precursor composition is'partially applied onto the 
layer comprising the photocatalytic oxide serving 
also as the inorganic oxide through a slit having a 
specific opening pattern to form the coating. 

64. A process for producing the member according to 
claim 37, comprising the steps of: 

forming a layer comprising the inorganic oxide 
and the photocatalytic oxide on the surface of a 
substrate; 

partially applying thereon a hydrophobic resin 
precursor composition capable of forming a 
hydrophobic resin layer to form a coating; and 
subjecting the coating to such a reaction that 
the coating is converted to a hydrophobic resin 
layer. 

65. The process according to claim 64, wherein the 
composition is partially applied onto the layer com- 
prising the photocatalytic oxide serving also as the 
inorganic oxide through a siit having a specific 
opening pattern to form the coating. 

66. A process for producing the member according to 
claim 36, comprising the steps of: 

forming a layer comprising the photocataiytic 
oxide on the surface of a substrate; 
applying a composition comprising a photo- 
decomposable hydrophobic material and a 
hydrophobic resin on the photocatalytic oxide 
layer to form a coating; 

irradiating the coating with light to decompose 
and remove the photodecomposabte hydro- 
phobic material; and 

subjecting the coating to such a reaction that 
the coating is converted to a hydrophobic resin 
layer. 

57. A process for producing the member according to 
claim 37, comprising the steps of: 
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forming a layer comprising the inorganic oxide 
and the photccatalytic oxide on the surface of a 
substrate; 

applying a composition comprising a photo- 
decomposable hydrophobic material and a s 
hydrophobic resin on the photccatalytic oxide 
layer to form a coating; and 
irradiating the coating with light to decompose 
and remove the photodecomposable hydro- 
phobic material and, in addition, to covert the 10 
coating to a hydrophobic resin layer. 

68. A process for producing the member according to 
claim 36, comprising the steps of: 

forming a layer comprising the photocatalytic 
oxide on the surface of a substrate; 
applying a composition comprising a hydropho- 
bic material soluble in a specific solvent and a 
hydrophobic resin on the photocatalytic oxide 20 
layer to form a coating; and 
bringing the specific solvent into contact with 
the surface of the coating to remove the hydro- 
phobic material, thereby converting the coating 
to a hydrophobic resin layer. 25 

69. A process for producing the member according to 
claim 37, comprising the steps of: 

forming a layer comprising the inorganic oxide 30 
and the photocatalytic oxide on the surface of a 
substrate; 

applying thereon a composition comprising a 
hydrophobic material soluble in a specific sol- 
vent and a hydrophobic resin on the photocata- 35 
lytic oxide layer to form a coating; and 
bringing the specific solvent into contact with 
the surface of the coating to remove the hydro- 
phobic material, thereby converting the coating 
to a hydrophobic resin layer. 40 

70. A member comprising a hydrophobic portion, and a 
hydrophilic portion induced by a photocatalyst. the 
hydrophobic portion and the hydrcphilic portion 
being present in a microscopically dispersed and ^5 
exposed state on the surface of the member. 
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